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I * INODUCTION

-During the past decade it has become apparent that energetic electrons

(> 10 MeV) play a major role in the solar flare process. Especially during

the Impulsive phase, they seem to carry a substantial part of the released

flare energy and transport it to the sources of X-ray, OUV, optical and radio

emissions (Kane et al., 1980)e The properties of these energetic electrons

can be deduced through obuervations of the hard X-ray bremasstrahlung they

produce as they interact with the ambient solar atmosphere. Therefore a ELgh

iRaergy I-Ray monitor (M) was included in the Aerospace Corporation solar

instruent package aboard the U. S. Air Force P78-1 satellite.

Since the launch of P78-1 on 24 February 1979, the IM has recorded many

large and small hard X-ray bursts associated with solar flares. As in the

case of most instruments, proper interpretation of these observations depends

critically on our understanding of the response characteristics of the BEM to

the variety of X-ray spectra produced in solar flares. This, in turn,

requires an analysis of the computed and observed response in the laboratory

prior to the launch as well as possible changes in the detector gain during

and after the launch. Since no on-board calibration source is available for

Ln-flight calibration of the IM, it is necessary to compare the Hot

observations of solar flares with simultaneous observations made with another

comparable instrument for which in-flight calibration is available. One such

instrmnt, the %-ay Spectrometer aboard the TSEE-3 (international Sun Earth

Eplorer-3) spacecraft (Kane at al., 1982), was in operation at the time of

the launch of P78-1 and has several simultaneous flare observations with the

M. Seven of these flare observations have now been analyzed. The purpose

of this report is to present the results of that analysis relevant to the

response characteristics of the = for solar flare observations.

7
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II. INSTRUMENTATION

The MONEX High Energy X-Ray Monitor (HEMO is a part of The Aerospace

Corporation's X-ray experiment package on the U. S. Air Force Space Test

Program satellite P78-1. It has been described earlier by Landecker, McKenzie

and Rugge (1979) and Landecker et al. (1979). The HEM consists of a

proportional counter, 28.7 cm2 in effective area and filled with a mixture of

97Z Xenon and 3% CO2 to a pressure of 3.0 atm. The entrance window is made of

0.11 cm thick aluminum and is designed to absorb the incident flux of X-rays

of energy less than 10 kaV. The spectral resolution is - 10% FWHI for - 22

key X-rays. The nominal X-ray energy range of 11-140 keV is covered witn six

energy channels (Table 1). The exact value of the X-ray energy range depends

on the detector gain. The high voltage across the counter and hence its gain

can be set to one of two possible values, "normal" or "high," through ground

commands* The ratio of gains (measured prior to launch) at "high" vs.

"normal" high voltage equals 1.63. Except for the short period from 26

February (0800 UT) to 10 March (0506 UT) 1981, the high voltagr was set to the

"normal" value.

HEM measures the X-ray flux from the whole solar disc. The time

resolution for the integral flux of 11-140 keV X-rays is 0.032 sec; a six-

channel differential X-ray spectrum is also measured in this energy range with

1.024 sec time resolution.

In order to deduce the incident X-ray spectrum from the observed counting

rates of the six energy channels, it is necessary to know the corresponding

geometry factors (cm2 keV). In general, the geometry factors depend on the

detector geometry, gas filling, and entrance window as well as the detector

9
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gain, spectral resolution and tne hardness of taie X-ray spectrum. The

geometry factors f or the six energy channels have been computed for thermal

spectra with different temperatures and non-thermal (power law, -E-Y) spectra

with different spectral exponents. These calculations have been performed for

a variety of detector gains between 0.3 and 1.0, the gain of 1.0 corresponding

to the nominal values of the X-ray energy channels given in Table 1.* As an

example, Fig. 1 shows the geometry factors for the values of the power law

spectral index y between I and 6, for the case of the detector gain being

0.56. It can be seen that, in general, the geometry factor varies with '.

However, for the first five energy channels this dependence on y~ is relatively

small (< 30%) provided I < y < 5. On the other hand, the geometry f actor for

the sixth (highest energy) channel increases by as much as a factor of -5.6

for an increase in y from I to 5. This is due to a spillover f rom the lower

energy channels when the input X-ray spectrum is steep.
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Figure 1: Geometry factors in cm2-keV for the six HtONEX 1H1 energy channels

plotted as a function of the exponent of an assumed photon flux
spectrum of the form F(E) -AE.
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III. OBSERVATIONS

The P78-1 satellite was launched on 24 February 1979. Since then the HEM

has observed many solar X-ray bursts. Examples have been published earlier

(cf. Landecker and HcKenzie, 1981, and references therein). For the present

study it was necessary to select events which were most suitable for obtaining

the in-flight calibration and response characteristics. Specifically the

selection was based on the following criteria:

1. Neglible contamination of the HEH data from the earth's radiation

belts.

2. Simultaneous observations by ISEE-3 available.

3. Peak X-ray flux large enough so that X-ray spectra could be deduced
L

from both HM and ISEE-3 instruments.

4. Events to cover a wide range of peak X-ray fluxes.

5. Events to be well distributed in time of occurrence.

The last two criteria were designed so that a possible dependence of the

HEM response on the magnitude and spectrum of incident X-ray flux and on the

time elapsed since launch could be examined.'

During the period March 1979 - June 1980 six events were found to satisfy

these criteria. At the time of these events the hign voltage was set to the

normal" value. We selected an additional event, on 26 February 1981, for

which the high voltage was set to the "high" value. In this way it was hoped

that the effect of high voltage setting on the detector gain could also be

examined.

13
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The seven solar flare events selected f or the present study are presented

in Table 2 and Figures 2 through S. The total detector counting rate at the

peak~ of these events varies from 4.0 x 103 councs/sec to 1.2 x10

counts/sec. The rate vs. time profile also varies a great deal from one event

to another. For example, the 5 November 1979 event is a relatively simplean

small X-ray burst with only one prominent maximum. Oa the other hand, the 1-

ray burst on 7 June 1980 shows large intensity variations with seven peaks and

* valleys.

14
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Table 2

EVENTS USED FOR LN-FLIGHT CALIBRATION OF THE EM

Flare High Deduced Gain
Time of X-Ray Peak Rate (Counts/Sec) Voltage (fraction of

Date Max (UT) Class Ch-1 Ch-2 CH-3 Total Setting nominal)

3 Apr 1979 0417:17 M4 833 1601 1051 4005 Normal 0.72

27 Apr 1979 0646:07 X1 4486 3272 1364 9910 Normal 0.62

5 Nov 1979 2149:01 M4 2678 1828 692 5591 Normal 0.62

9 Nov 1979 0304:43" M9 3986 4035 1994 11953 Normal 0.62
29 Mar 1980 0918:13 C9 2223 2567 1063 6479 Normal 0.56

7 Jun 1980 0312:15 M7 3136 3359 1399 8948 Normal 0.56

26 Feb 1981 1425:18* X1.8 4792 4602 1759 12136 High 0.47

May not be true maximum.

15
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Figure 2: SK charnel counting cates (counts/ 1.024 a) plotted as a function
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IV. DETECTOR GAIN

A preliminary comparison of the HEM and ISEE-3 observations showed that

the I was responding to much higher energy X-rays than those expected from

Table 1. This indicated that the M10 detector gain decreased substantially

af ter the launch. Moreover, in large flares, the gain appeared to change with

time during a single event if the X-ray flux was above a certain value. Since

there is no indicator of the detector gain in the HEM data, the following

procedure was adopted for deducing the true gain and hence the X-ray energy

i.esponse.

1. In each of the seven events in Table 2, two times were selected at

which the X-ray fluxes were large enough so that the X-ray spectrum could be

obtained from the ISEE-3 observations. These times were usually close to the

X-ray maximm. In order to obtain good statistical accuracy, 4-sec averages

of the X-ray data were used in most cases* As suggested by the earlier

observations made with other spacecraft (cf. Kane and Anderson, 1970; Frost

and Dennis, 1971), the X-ray spectrum Incident on the detector was-assumed to

be a double power law of the form

di K1 z I for E < R 0 key

K 2 CK2 for K > %keV

pbotons cm7 2 sec - 1 keY 1

where K2 - KI 90  • The counting rates of the twelve X-ray energy

channels of the ISE-3 Instrument due to the above incident X-ray spectrum

were computed on the basis of the known response characteristics. The four

parameters K1 , YI, Y2 and 20 of the incident spectrum were varied until the

best possible agreement (as indicated by X2 ) could be obtained between the

23
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SOLAR X-RAYS -3 APRIL 1979
* (P78-I GAIN 0.72)

I0,
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Figure 9: X-ray spectra from a solar flare an 3 April 1979 as measured by
the HOM0Z U (P78-1) and the ISEE-3 detectors. The HM spectra
were obtained by varying the assumd $ain until agreement with
the 131Z-3 fits (solid lines) was obtained. The inferred HEM(
gaia was 0.72 tines the prelaunch value.
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SOLAR X-RAYS- 27 APRIL 1979
(P78-I GAIN= 0.62):. A
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SlFigure 10: X-ray spectra from a flare on 27 April 1979, as measured by the
HEK and the ISUZ-3 detectors. The HM gain was 0.62 times the
prelaunch value.
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SOLAR X-RAYS - 5 NOV. 1979
(P78-1 GAIN 0.62)
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F igure 11: X-ray spectra frou a flare on 5 November 1979, as measured by the
Hof and the ISIZ-3 detectors o The l gain was 0.62 times the
prelaunch value.
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SOLAR X-RAYS - 9 NOV. 1979
2(P78-1 GAIN=0.62)III02 -VI " -

le 4 -239
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Fligur 12: i-ray spectra from a flare on 9 Novembr 1979, as mueaured by the
M and the I5sr-3 detectors The I gan was 0.62 times the

prlaunch value*
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SOLAR X-RAYS -29 MAR. 1980

(P78-1 GAIN •0.56)
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:Lgurm 13: s -ray sictra from a flasre on 29 March 1980, u mmured by the
=AaMd the 133-3 detectors. e S &aLs -s 0.56 Uses the
prelasuch valu.
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SOLAR X-RAYS -7 JUNE 1960(P78 -I GAIN u.0.56)
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ligure 14: X-ray spectra frm a flare on 7 June 1980, as measured by the MRt

ad the 1811-3 detectors. TMe M~ gain was 0.56 times the pr-
launch value.
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SOLAR X-RAYS - 26 FEB. 1981
(P78-1- GAINuO.76)
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Vlg~r 15: -raY specr from & flare on 26 lebruary 19619 as msaftred by
the M id ZUE-3 detectors. Mes me in the high gafn o"e
at thug tim, as S&gLs of 0.76 time the prelaunch value corre-
spoeft to a normal awde gain of 0.47.
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the X-ray spectrum deduced from the ISEE-3 measurements. The dashed line is

an extrapolation of that spectrum to X-ray energies below 25 keY. In general

there is a good agreement between the ISEE-3 and IEMI spectra. In cases where

the lower one or two energy channels of HC4 fall on one side of the

extrapolated ISEE-3 spectrum, as for example in Fig. 9, it is possible that

the true X-ray spectrum itself is different from the extrapolated spectrum.

-. From the aoove comparison it is clear that the HM detector gain

decifeased substantially after the launch of P78-1. on 3 April 1979, about

five meeks after the launch, the gain ws - 72Z of its pre-launch value.

Subsequently the gain decreased systematicalLy with time, being - 56 of its

" pre-launch value on 7 June 1980. on 26 February 1981 the gain was 76Z of

its pre-launch value. But this high value was due to the increased high

voltage across the detector at that time. If the nominal pre-launch gain

ratio of 1.63 is used, then the implied gain on 26 February 1981 was 47%. The

gain as a function of time is snown in Table 2.

.3'I
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V. WUiTRATION W'FECTS

Two flar' events i, Table 2, vIz. 9 November 1979 and 26 February 1981,

produced total peak counting rates in the IEI detector which were in excess of

10' couts/sec. The X-ray spectra shown earlier in Figs. 12 and 15 wore

obtained at times when the total counting rates were such lower.

Fig. 16 show a comparison of the iM and ,SEE-3 X-ray spectra at times
I.

of alng counting rates in the 26 February 1981 event. Although the value of

the gain used in Fig. 16 is the same as that in Fig. 15, all the El data

points fall substantially below the ISE-3 X-ray spectra. This indicates a

decrease id the I detector gain at high counting rates. A similar effect

was found in the 9 November 1979 event.

In order to determine the critical counting rate above whicn the EVI

detector gain may decrease substantially, the JCl counting rates in the 9

Noveaber 1979 event were plotted against the counting rate of 26-43 key X-rays

recorded simultaneously by IS1-3. The result is shown in Fig. 17. Four HEM

channels covering 18-59 kV X-rays. are shown separately. The two channels,

23.6 - 32.7 key and 32.7 - 44.7 keV, are closest in energy to the 1SZE-3 X-ray

channel. The tims interval covered is 0304:05 - 0304:53 UT, which corresponds

to the rise of the X-ray flux to its maximum value.

From Fig. 17 it can be seen that the relationship between the Hl and

ISE-3 counting rates is linear for the 23.6 - 32.7 keY channel counting rates

< 2 z 103 counts/sec. The corresponding total counting rate of the HEM was

< 5.5 x 103 counts/sec. At higher rates the M - ISEE-3 relationship begins

to be non-linear. This could oe partly due to changes in the incident X-ray

spectrum. At total M rates > 104 counts/see tn M response is saturated
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and even underoes a decrease. Since the MI1 counting electronics has been

4. designed to handle even higher counting rates, the saturation effect is
V

s
.

prooably caused by a decrease in the WG4 detector Lain. Tbis is a well known

effect of space charge build-up vhich is especially bad for a proportional

counter containing a heavy gas (Xe) at high pressure (3 atmospheres) (Culhane

at al,1967).
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VI LLITAfTIONS Of THE PRESEMT AALISIS

Before the performance of the HM can be properly evaluated, it is

important to point out the following limitations of the present analysis:

1. The "standard" detector used for the in-flight calibration is the

MaI(TI) scintillator on tke tSKE-3 spacecraft. The scintillator aas. an

effective area of ;- 24 ca2, comparabLe to the HE& detector area, and a lare

dynamic range. However the spectral resolution of the ISEE-3 scintillator is

lower than that of the IH4 proportional counter by a factor of - 2. The X-ray

spectrum deduced from the ISEE-3 measurements has :herefore a much larger

I
i uncer tnt~y than that: deduced from proportiJonal counter measurements over a

comparable energy range.

2. The incident X-ray spectrum has been assumed to be a double ;ower

law. The true solar flare spectrum could have a different shape (e~g., multi-

thermal or thermal plus power law). In that case the procedure used here for

comparing the kEi and ISEE-3 instruments may not be completely valid.

3. Although the gain of the HO detector seems to have decreased after

launch, the spectral resolution of the detector has been assumed to have

maintained its pre-launch value. A change in the spectral resolution could

affect the deduced gain of the detector significantly. The resolution of the

detector has an important impact on the geometry factor at high y. The

workability of the present analysis may argue for the accuracy of the

assumptions regarding resolution.

The present analysis represents a reasonable effort to deduce the HEM

detector gain on the basis of the pre-launch characteristics of the E4 and a

simple comparison of tne HEK and ISEE-3 observations of seven solar X-ray
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burs ts. A more sophisticated analysis could involve extensive computer

simulation and analysis. In view of the uncertainties and limitations

mentioned above, it appears doubtful that such an extensive analysis will

necessarily yield a more accurate evaluation of the instrument performance.
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K ~VII. SUMo~Ax A14D CONCLUSIONS

Mhe principal results obtained from this study are summarized as follows:

1. The gain of the M detector decreased monotonically and

substantially after the launch of the P78-I satellite. About 5

weeks after the launch, the gain was -721 of its pre-launch

value. About 15 months after the launch the gain was - 56%.4

2. The detector response seems to saturate at total counting rates

> 10 4counts/sec. This is probably caused by a decrease in the

decector gain at high counting rates.

3. The instrument gain was observed to increase with increasing applied.

high voltage, as expected.

Mhe variation of detector gain after the launch is not uncommon in space

instrumentation, especially in proportional counters. The relatively small

rate of the long-term variation of the detector gain indicates that there is

no significant leakage of the fill gas, and is possibly caused by anode

*degradation. The instrument is found to respond well to the changes in the

'nigh voltage. Tne counting electronics are apparently functioning well. The

saturation effect at large counting rates is also common to most proportional

counters and is therefore expected to occur. To summarize, the 1D1 instrument

survived the spacecraft launch very well. Except f or the change in the

detector gain, the performance of tio instrument is found to be satisfactory

* and hence the 1124 measurements are expected to be useful for the study of many

* small and medium intensity solar X-ray bursts.
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LABORATORY OPERATIONS

The Laboratory Operations of The Aerospace Corporation Is conducting exper-

Imental and theoretical investigations necessary for the evaluation and applic-

tion of scientific advances to new military space systems. Versatility and

flexibility have been developed to a high degree by the laboratory personnel in

dealing with the many problems encountered in the nation's rapidly developing

space systems. Expertise in the latest scientific developments is vital to the

accomplishment of tasks related to these problems. The laboratories that con-

tribute to this research are:

Aerophysics Laboratory: Launch vehicle and reentry nor9dynafIcs and heat
transfer, propulsion chemistry and fluid mechanics, structural mechanics, flight
dynamics; high-temperature thermomechanics, gas kinetics and radiation; research
in environmental chemistry and contamination; cv and pulsed chemical laser
development including chemical kinetics, spectroscopy, optical resonators and
beam pointing, atmospheric propagation, laser effects and countermeasures.

Chemistry and Physics Laborstory: Atmospheric chemical reactions, atmo-
spheric optics, light scattering, state-specific chemical reactions and radia-
tion transport in rocket plumes, applied laser spectroscopy, laser chemistry,
battery electrochemistry, space vacuum and radiation effects on materials, lu-
brication and surface phenomena, thermionic emission, photosensitive materials
and detectors, atomic frequency standards, and bioenvironmentsl research and
monitoring.

Electronics Research Laboratory: Microelectronics, GaAs low-noise and
power devices, semiconductor lasers, electromagnetic and optical propagation
phenomena, quantum electronics, laser communications, lidar, and electro-optics;
communication sciences, applied electronics, semiconductor crystal and device
physics, radlometric Imaging; millimeter-wave and microwave technology.

Information Sciences Research Office: Progra verification, program trans-
lation, performance-sensitive system design, distributed architectures for
spaceborne computers, fault-tolerant computer systems, artificial Intelligence,
and microelectronics applications.

Materials Sciences Laboratory: Development of new materials: metal matrix
composites, polymers, en ewfrs of carbon; component failure analysis and
reliability; fracture mechanics and stress corrosion; evaluation of materials in
space envIronment; materials performance in space transportation systems; anal-
ysis of systems vulnerability and survivability in eoemy-induced environments.

Space Sciences Laboratory: Atmospheric and ionospheric physics, radiation
from the atmosphere, density and composition of the upper atmosphere, aurorae
and airglow; magnstospheric physics, cosmic rays, generation and propagation of
plasma waves in the magnetosphere; solar physics, infrared astronomy; the
effects of nuclear explosions, magnetic star=, and solar activity on the
eaith's atmosphere, ionosphere, and magnetosphere; the effects of optical,
electromagnetic, and particulate radiations in space a space systems.


